


















(NLS) $iu_{t}+\triangle u=|$u $|^{2}u$
, $u_{t}=\partial u/\partial t,$ $u(t, \prime x)$ : $\mathbb{R}^{1+3}arrow \mathbb{C}$ ,
,

























. , J. Colliander, M. Keel, G. Staffilani,






[5, 12, 19, 21] .
, ,
. (NLS) $u$ (t)
, $L^{2}$ $-,||u(t)||_{L^{2}}$
$E(u)= \int\frac{1}{2}|\nabla$u $|^{2}dx+ \int\frac{1}{4}|u|^{4}dx$
\Phi , .
Sobolev $H^{1}\llcorner+L^{4}$ , $H^{1}$ $u(0)=u_{0}$
, $H^{1}$ $\mathrm{t}$ ‘
, Strichartz [15,
20] $[6, 12]$ , 3
(NLS), $u(0)=u_{0}$ $H^{s}(s\geq 1/2)$
, $H^{s}(s\geq 1)$ $=$









$H^{1}$ [4, 12, 17, 21]






$u_{\pm}\approx e^{-it\Delta}u(t)$ , $tarrow\pm\infty$
, W $u_{\pm}\ovalbox{\tt\small REJECT}\mapsto u(0)$
Range $(W_{+})=$ Range $(W_{-})=H^{s}$
. , $S=W_{+}^{-1_{\mathrm{O}}}W$-: $H^{s}arrow$
$H^{s}$ ; $u_{-}\vdash*u_{+}$ .
, .
1’ $s>4/5,$ $u_{0}\in H^{s}$ . , (NLS), $u(0)=u_{0}$
$H^{s}$ . , u(
$\lim||e^{-it\Delta}u(t)-u\pm||_{H^{s}}=0$
t\rightarrow \pm O
$u_{\pm}$ $\in H^{s}$ [ , $W_{\pm}$ :
$u\pm\}$\rightarrow u0 , .
,
, [9] . ,








(1) $\int_{\mathbb{R}^{1+3}}|$u(t, $x$ ) $|^{5}$ $dtdx<00.$
(1) , , Morawetz
$[18, 21]$
(2) $\int_{I\cross \mathrm{I}\mathrm{R}^{3}}\frac{|u(t,x)|^{4}}{|x|}$ $dtdx \leq\sup_{t\in I}||u(t)||_{H^{1/2}}^{2}$
, $I$ $=$ , Sobolev
$[4, 5]$ . , (2) ,
, Morawetz
$\int_{|x|\leq|I|^{1/2}}\frac{|u(t,x)|^{4}}{|x|}dtd_{X}<\sim|I|^{1/2}E(u)$










, , , Morawetz
$||$
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2. $u(\mathit{1}, x)$ (NLS) ( ,
(3) $\int_{I\cross \mathbb{R}^{3}}|$ u(t, $x$ ) $|^{4}$ $dtdx\sim<_{\mathrm{s}\iota\iota \mathrm{p}}||u(t)||_{L^{2}}^{2}||u(t)||_{H^{1/}}^{2}\underline,$ .
, $L^{2}$ , $||u(0)||_{L^{2}}^{2} \sup_{t\in I}||u(t)||_{H^{1}}^{2}$/2
.
(3) , (NLS) Strichartz
, (NLS) ,
[2, 20, 22]. , (3) Strichartz
.
(3) , Morawetz (2)
( , (2) (2)
, mass current
$y$
$t(t)= \int\frac{x-y}{|x-y|}\}{\rm Im} u(t, y)\nabla u(t, y)dy$
, $|| \frac{x}{|x|}u||_{L^{2}}=||u||_{L^{2}}$ 3
Hardy $|| \frac{x}{|x|}u||_{\dot{H}^{1}\sim}<||u||_{H^{1}}$
(4) $|M_{0}(t)| \leq|_{H^{-1/2}}\langle\nabla u, \frac{x}{|x|}u\rangle_{H^{1/\underline{?}}}|\leq||u(t)||_{H^{1/2}}^{2}$.
(2) , 3
(5) $\frac{d}{dt}M_{0}(t)=4\pi\langle\delta_{x=0}, |u(t, \cdot)|^{2}\rangle$
$+2$ $\int\frac{\mathrm{I}}{|x|}|\nabla u-\frac{x}{|x|}(\frac{x}{|x|}\nabla u.)|^{2}dx$
$+ \int\frac{|u|^{4}}{|x|}dx$
, $u$ (t) (NLS) , , (3)
$|$ . $M_{y}(t)$ $y$ ae
,






$\frac{d}{dt}M(t)=4\pi\langle$ $\delta_{x-y=0},$ $|u($t, $x)|^{2}|u($t, $y)|^{2}\rangle$ $+R_{1}+R_{2}$
, $R_{1},$ $R_{2}$ (5) , 2 3
, .
(2) 3 , (3) 1





, [2, 5, 9, 14]
. , .






, $N$ $||u(0)||H^{s}$ ,
. , $I$ $|\xi|<N$ ,
$|\xi|>2N$ $N$ $s-1$
($s<1$ )=
[9] , $H^{s}$ #\sim \rightarrow
$E^{N}(u)=E(Iu)$ .
$u=u$ (t, $x$ ) (NLS) ,
$\frac{d}{dt}$E$N(u)={\rm Re} \int$ ( $|$ Iu $|^{2}$Iu-I$(|u|^{2}u)$ ) $\overline{Iu_{t}}dx$ .
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2 , $I$ $\triangle Iu=Eu|^{2}u$ ) $-Hu_{t}$ 1
, commutator [7, 8, 13]
. $Iu_{t}$ , $I$ $Iu_{t}=$
$i\triangle Iu-iI$ (|u|2\rightarrow ( 2
$|$f$\mathrm{x}\mathbb{R}^{2}(|Iu|^{2}Iu-I(|u|^{2}u))\triangle$I$udtdx|\sim<N^{-1+}||\nabla Iu||_{ST(I)}^{4}$
$| \int_{I\cross \mathbb{R}^{2}}(|Iu|^{2}Iu-I(|u|^{2}u))\overline{I(|u|^{2}u)}dtdx|\sim<N^{-1+}||\nabla$Iu $||$ (I)
,
3. $u$ (t) (NLS) . ,
$E^{N}(u(t_{2}))-E^{N}(u(t_{1}))<N^{-1+}|\sim|\nabla$ Iu $||_{S}^{4}$T(I)( $1+||\nabla$Iu $||_{S}^{2}$T(I))
, $I=[t_{1}, t2]$ , $||\cdot||s\tau(I)$ 3 Schr\"odinger Strichartz
$||$u $||$ ST(I) $=||$u $||$ L$\iota\infty(I)L_{x}^{2}(\mathbb{R}^{3})+||$ u $||$ L$\dot{t}’(I)L_{l}^{6}(\mathbb{R}^{3})$ .
[9] , 3 ,
. , 2 3 ,
.
5.
, , $u=u$ (t, $x$ ) (NLS)
$t>0$













$u_{\lambda}(t, x)= \frac{1}{\lambda}u(\frac{t}{\lambda^{2}},$ $\frac{x}{\lambda})$
, $\lambda\ll N^{(1-s)/(s-1/2)}$ . ,
$E^{N}(u_{\lambda}(0))\ll||$u(0) $||_{H^{s}}^{2}$
(6) $||$u$\lambda$ (O) $||_{L^{2}}=\lambda$ 1/2 $||$u(0) $||_{L}$ 2
, $t=T$
$||$ u $\lambda$ (T) $||_{H}$ s $+||$u$\lambda||$ L4((O,T)x $\mathbb{R}^{3}$) $\leq C$ ( $||u(0)||$H$s$ )
\urcorner
$[0, T]$
(i) $\Sigma)=1$ $I_{j}=[0, T],$ $I_{j}=[tj-1, tj)\text{ }^{\vee}.\#\mathrm{h}Ij=(tj-1, tj]$
$(\mathrm{i}\mathrm{i})||$ u$\lambda||L4(h\cross \mathbb{R}^{3})\leq\in$ , $1\leq j\leq J$
, $\epsilon>0$ $||u(0)||_{H^{s}}$ .
,
.
(ii) , Strichartz ( $|$ ,
,
(7) $||\nabla Iu_{\lambda}||_{ST(I_{j})}\leq C(\in)||Iu_{\lambda}(t_{j-1})||_{\dot{H}^{1}}$
, $||u_{\lambda}||_{H^{1/2}}\sim<||u_{\lambda}||_{L^{2}}^{1/2}||Iu_{\lambda}||_{H^{1}}^{1/2}$ , $(6)-(7)$
(3)
$||$ u$\lambda||_{L^{4}((0,T)\cross \mathbb{R}^{3})\sim}^{4}<\lambda$3/2 $||$u(0) $||$ i$2||$ Iu$\lambda$ (0) $|$51
. , $||Iu_{\lambda}(t)||_{\dot{H}^{1}}$
, 3 . ,
, 2 3 ,
$t=T$ ( $J$ )
$(||u_{\lambda}(tj)||_{H^{s}}\leq)||$ Iu$\lambda$ (tj) $||_{H}1\ll||$u(0) $||$ H., $1\leq j\leq J$
115
$( \sum_{j=1}^{J}||u_{\lambda}||_{L^{4}(I_{j}\cross \mathbb{R}^{3})}^{4}\leq)\epsilon^{4}J<\lambda^{3/2}\leq\sim N^{1}$
, 3 (7) . $s>4/5$ $\lambda$
$\lambda\ll N^{(1-s)/(s-1/2)},$ $\lambda^{3/2}\leq N^{1-}$ $N^{(5s-4)/(2s-1)-}\gg 1$
. , $u_{\lambda}\vdasharrow u$ Strichartz
, $L^{4}$ Strichartz ,
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